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[57] ABSTRACT

An echo sounder including a unit for transmitting, into
a medium, acoustic signals at two slightly differing high
frequencies and 1n the form of pulses, resulting in the
creation of an acoustic signal in the medium at a low
frequency equal to the difference between the two high
frequencies, and a receiving unit including a receiving
transducer for receiving echoes of acoustic signals at
the difference frequency and a display device for re-
cording the echo signals in accordance with their travel
times, the display device having a signal input which is
connected with the low frequency receiving trans-
ducer, 1s further provided with a second receiving
transducer responsive to high signal frequencies for
receiving echoes of acoustic signals at at least one of the
two transmitting frequencies, and a member connecting

- the second receiving transducer to the signal input of

the display device.

5 Claims, 3 Drawing Figures
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ECHO SOUNDER TRANSMITTING RADIANT
| ENERGY AT TWO FREQUENCIES

BACKGROUND OF THE INVENTION

The present invention relates to an echo sounder of
the type composed of a transmitting arrangement in-
cluding two transmitting transducers for the simulta-
neous pulse-shaped transmission into a body of water of
sonic energy at two high frequencies which differ
shightly from one another. The intersection of the radia-
tion of this sonic energy at the two different frequencies
generates energy which radiates in the water and which
has a low frequency equal to the difference between the
frequencies emitted by the two transducers. Such echo
sounder further employs a receiving arrangement in-
cluding a low frequency receiving transducer for re-
celving the echo signals at the difference frequency and
a display device for recording the echo signals accord-
ing to their propagation times, the display device hav-
ing a signal input which is connected with the low
frequency receiving transducer. |

It 1s known to use echo sounders operating with a
plurality of transmitting frequencies for the differentia-
tion of bottom strata in a body of water. A safe distinc-
tion between hard and soft bottom strata in a body of
water 1S a necessity for marine vessels, particularly in
areas where such vessels travel with very little clear-
ance under the keel, and in muddy or silty waters possi-
bly even in contact with the bottom. Such a situation is
commonly encountered by supertankers, for example.
In such areas it is necessary to continuously monitor the
bottom for hidden objects in a layer of mud which
could endanger the vessel.

German Pat. No. 1,017,054, for example, describes an
arrangement which by transmitting sonic energy pulses
at two transmitting frequencies permits a differentiation
of bottom strata. Sonic energy at a high transmitting
frequency 1s reflected at the upper stratum of the bot-
tom and does not penetrate therein, thereby furnishing
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echo signals which indicate the location, or depth, of

this upper stratum.

Sonic energy at lower transmitting frequencies pene-
trates into the bottom and thus furnishes echo signals
from the lower lying deposits at the bottom.

However, difficulties arise with this mode of opera-
tion with respect to the display of the received echo
signals on a common display device. These difficulties
have their origin in the fact that with echo sounders the
direction characteristic of the sound energy is very
narrow for high transmitting frequencies and very
broad for low transmitting frequencies. A broad direc-
tional characteristic leads to the known effect of a seem-
ing extension of the bottom echo since the reflected
sound energy comes not only from parts disposed verti-
cally underneath the echo sounder but also from adja-
cent parts of the bottom, the latter signals arriving at the
receiving transducer staggered in time with respect to
the echo signal from the vertical direction. Such an
extended bottom echo may mask echo signals from
lower lying strata appearing during the same time dura-
tion of the bottom echo.

A further difficulty in the display of received echo
signals at different frequencies on a common display
device arises in the display of echo signals from sloped
areas in which the echo signals at the lower frequency
may, under certain circumstances, arrive earlier from
the slope than from the bottom, whereas the echo sig-
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2

nals at the higher frequency always permit a display
which reflects the proper bottom orientation. This leads
to overlaps in the display, as they are described, for
example, in Volume 1 of “Beitrage zur Schallortung”
[Contributions to Echo Sounding] on page 51 and illus-
trated in FIG. 19 (following page 51). This volume was
published as part of the series “Sonderbiicherreihe der
Funkortung” [Series of Special Books on Radio Rang-
mmg] by the Committe on Radio Ranging and contains
lectures given by the working group on echo sounding
at the Sympostum in Bremen on Oct. 19th, 1953. Pub-
lisher is State Secretary Professor L. Br randt.

SUMMARY OF THE INVENTION

It 1s thus an object of the present invention to make
possible the accurate position recording of echo signals
at high and low frequencies.

In pursuit of this and other objects, the present Inven-
tion can be practiced using a system such as that dis-
closed in U.S. Pat. No. 3,786,405 which, by emission
into water of sonic energy at two high transmitting
frequencies differing from one another by a small
amount, permits the generation of sonic energy at a low
frequency having a value equal to the difference be-
tween the two high frequencies.

The objects of the present invention are achieved by
providing the receiving arrangement of such a system
with a second, high frequency, receiving transducer for
receiving the echo signals at at least one of the two

- transmitting frequencies and by connecting the high

frequency receiving transducer w1th the signal mput of
the display device.

This arrangement makes it possible to obtain echo
signals from the various bottom strata during each
sounding period. The low and high frequency echo
signals arriving at the receiving transducers during each
sounding pericd are recorded on a common track such
that their travel times are indicated. The thus resulting
echogram shows the correct positions of the bottom
strata as depth lines.

With hard and rocky bottoms only a single depth line
1s produced since only a single reflector surface is pres-
ent and all incoming echo signals have substantially the
same travel time.

A distinction between the high and low frequency
echo signals is not necessary; the directional character-
1stics of the sonic pulses at the difference frequency and
of the two high transmitting frequencies practically do
not differ at all with respect to their spread angles, so
that overlapping and masking during the display of the
echo signals is avoided.

According to the present invention, this possibility of
recording the echo signals at different frequencies dur-
ing each sounding period on a single track is particu-
larly easy and reliable with the utilization of the echo
signals at the two high transmitting frequencies which
are already present and the low difference frequency.
By way of contrast, an arrangement including a further
echo sounder emitting a high transmitting frequency
would have the drawback of forming additional differ-
ence frequencies between the two transmitting frequen-
ctes of the primary echo sounder and the transmitting
frequency of the further echo sounder whose direc-
tional characteristics have different beam widths so that
their echo signals could falsify the display. With such an
arrangement the problem on which the present inven-
tton is based could not be solved. An arrangement with-
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two echo sounders could thus not be used without spe-
cial mutual control of the echo sounders.

The performance of soundings at a high sampling
rate, which is always desirable, is possible only with an
echo sounder according to the present inventjon.

According to an advantageous embodiment of the
present invention, one of the two transmitting transduc-
ers which 1s already included 1in the sounder 1s used as
the high frequency receiving transducer as well. For
that purpose this transmitting transducer is connected,
via a transmitting/receiving control unit with both the
transmitting arrangement and the receiving arrange-
ment. Such an arrangement provides a particularly
simple and economical echo sounder according to the
invention since a special second high frequency receiv-
ing transducer is thus not required and the costs for a
transmitting/receiving control unit, as disclosed, for
example, in German Pat. No. 954,135 are very low.

For enhancing the display of the bottom strata it is of

advantage to impart a different predeterminable identi-
fication to the signals from the two receiving transduc-
ers. Thus, according to a further advantageous embodi-
ment of the present invention, the echo signals of the
difference frequency energy are preferably displayed
with greater intensity than the high frequency echo
signals so as to obtain immediate information about hard
bottom strata. From such an echogram it can be learned
whether and to what extent this hard stratum reaches
the upper muddy layer or penetrated through it, respec-
tively. The resulting display shows whether a hard
stratum penetrating the upper layer 1s rocky promon-
tory or a spatially defined object, such as a drum or a
pipeline. |

Such differences in intensity can be displayed on the
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paper recording strip of an echograph in the form of 35

different degrees of blackness.

For a display on a cathode-ray tube, a further feature
of the present invention provides an identification of the
echo signals by way of pulses of different durations or
lengths, since a cathode-ray tube is unable to display
significant differences in intensity.

There exists the further possibility of combining the
two above-mentioned types of identification or to dis-
play the echo signals in different colors on a color pic-
ture tube, which is recommended for echo sounder
displays which already include a color picture tube.

A particular advantage of the present invention is
that it permits every individual sounding to provide
current information about the present strata formation
at the bottom.

BRIEF DESCRIPTION OF THE DRAWING

FIG. 1 is a block circuit diagram of one preferred
embodiment of an arrangement according to the inven-
tion.

FIG. 2 is an illustration of an echogram obtained with
the arrangement of FIG. 1.

FIG. 3 is a block circuit diagram of a second pre-
ferred embodiment of the invention.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

FIG. 1 shows an echosounder equipped with a trans-
mitting arrangement 1 which includes two transmitting
transducers 2 and 3 for the emission of pulse-shaped
sound energy at two adjacent high transmitting fre-
quencies. The transmitting frequencies are generated 1n
two oscillators 4 and 5 which are connected via gates
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41,51 to respective transmitting pulse generators 6 and 7
which supply the respective transmitting transducers
2,3. A timing unit 8 opens and closes the gates 41,51
periodically to provide pulse signals. Oscillators for
generating two adjacent high transmission frequencies,
signal generators for the two frequencies of 194 kHz
and 206 kHz for example and a timing unit defining
pulse length and synchronisation are well known in the
art, see for instance U.S. Pat. No. 3,786,4053.

Upon the emission of sonic energy, sonic pulses at the
two transmitting frequencies propagate through the
water and generate a sonic pulse at a frequency which
corresponds to the difference between the two high
transmitting frequencies and which also propagate
through the water.

The echo sounder further includes a receiving ar-
rangement 10 provided with a low frequency receiving
transducer 11 for receiving the difference frequency
echo signals. In order to also receive echo signals at
least at one of the two transmitting frequencies, the
receiving arrangement 10 includes a second, high fre-
quency receiving transducer 12.

The two receiving transducers 11 and 12 are con-
nected, via respective signal generators 15 and 16, to the
signal input 17 of a display device 18. The echo signals
are displayed on the display device 18. The connected
signal generators 15, and 16 impart respectively differ-
ence identifications for the display to the echo signals
from the two receiving transducers 11, and 12.

A section of an echogram obtained with the arrange-
ment according to the invention 1s shown in FIG. 2. In
a known manner a zero, or reference, line 21 marks the
time of the actuation of a transmitting pulse. During
each sounding period, incoming echo signals at the low
difference frequency and at one or both high transmit-
ting frequencies are recorded, with a distance from line
21 proportional to their travel times, on a common track
of the echogram. The recorded signals indicate the
depth of the water and the position of bottom strata.

The echo signals at the high transmitting frequency,
whose sonic energy does not penetrate into the bottom
are reflected at the upper stratum of the bottom and
generate a dot-shaped display 22. The echo signals at
the difference frequency, whose sonic energy pene-
trates deeply into the bottom, are reflected at hard
strata present in the bottom. They generate pulses of
given duration, providing a dash-like display 23.

With these identifications, the echogram produces a
distinct display of the immediately underlying configu-
ration of the bottom. The display of the echo signals at
the difference frequency in FIG. 2 reveals a defined
object which is hidden in the bottom and protrudes
slightly through the upper stratum but which is not a
rocky peak constituting an extension of lower strata.

According to a further preferred embodiment of the
invention, the portion of the circuit of FIG. 1 consti-
tuted by transducers 3 and 12 can be modified, as 1llus-
trated in FIG. 3, to be composed of a single, bidirec-
tional, electroacoustic transducer 3’ connected to pulse
generator 7 and signal generator 16 via a transmitting-
/receiving control unit 19. In accordance with standard
practice in the signal transmission art, the control unit
19 is connected to be controlled for delivering pulses
constituted by one of the high frequency signals from
pulse generator 7 to transducer 3’ during each transmis-
sion phase, and for then conducting echoes of those
signals from transducer 3' to display device 18 via the
signal generator 16 during each receiving phase.
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Bidirectional transducers for emitting and receiving
are well known in the art, see for instance U.S. Pat. No.
3,793,618. A signal generator for identifying echo S1g-
nals by pulse duration or colour is well known in the art,
see for instance U.S. Pat. No. 3,673,559 and U S. Pat.
No. 3,711,822,

It 1s to be understood that the above description of
the present mmvention 1s susceptible to various modifica-
tions, changes and adaptations, and the same are in-
tended to be comprehended within the meaning and
range of equivalents of the appended claims.

What 1s claimed is:

- 1. In an echo sounder including means for transmit-
ting, into a medium, acoustic signals at two slightly
differing high frequencies and in the form of pulses,
resulting in the creation of an acoustic signal in the
medium at a low frequency equal to the difference be-
tween the two high frequencies, and receiving means
including a first receiving transducer for receiving ech-
oes of acoustic signals at the difference frequency, a
second receiving transducer responsive to high signal
frequencies for receiving echoes of acoustic signals at at
least one of the two transmitting frequencies, and dis-
play means connected to both receiving transducers for
recording the echo signals generated thereby according

5

10

15

20

23

to their travel times, the improvement wherein said

transmitting means are constructed and oriented for
transmitting the acoustic signals at the two high fre-
quencies with directional characteristics creating sub-
stantially coextensive spread angles so that the spread
angle of the low frequency acoustic signal is substan-
tially coextensive with that of each high frequency
acoustic signal, and said display means has a single input
to which each of said first and second receiving trans-
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transmitting frequency to be supplied to the same input
of said display means.

2. An arrangement as defined 111 claim 1 further com-
prising a transmitting/receiving control unit and an
electroacoustic transducer forming part of said trans-
mitting means and constituting one of said receiving
transducers, said electroacoustic transducer being con-
nected to said control unit, and whereln said control
unit is switchable between a first state in which it con-
ducts electrical signals at one of said hlgh frequencies to
said electroacoustic transducer for causing the latter to
form part of said transmitting means and to transmit one
of the acoustic signals at that high frequency, and a
second state in which 1t conducts electrical signals pro-
duced by said electroacoustic transducer, in response to
impinging acoustic signals at said one of said high fre-
quencies, to said display mearis.

3. An arrangement as defined 1n claim 1 wherein said
recelving means further comprise two signal generators
each connected between a respective one of said receiv-
ing transducers and said input of said display means for
imparting a respectively different identifying character-
istic to the recording of the echo signals provided by
cach said transducer.

4. An arrangement as defined in claim 3 wherein said
generators impart respectively different intensities, as
said 1dentifying characteristic, to the recordings of the
echo signals provided by said transducers.

5. An arrangement as defined in claim 3 wherein said
generators constitute pulse generators each generating a

- pulse having a respectively different duration in re-

sponse to each echo signal received by its associated
transducer, to thereby impart respectively different
lengths, as said identifying characteristic, to the record-

ducers 1s connected tor causing the low frequency echo 35 ings of the echo signals provided by said transducers.

signals and the echo signals at the at least one high
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